Abstract. The design of innovation evaluation indexes will facilitate the evaluation of innovation capability level of city. This article firstly constructs a theoretical model for innovation evaluation indexes, and analyzes a three-dimensional model for constructing the innovation evaluation indexes. Secondly, this article analyzes the characteristics of the typical innovation evaluation indexes such as European innovative scoreboard and Silicon Valley index contrastively. On that basis, this article takes Shenyang, a China national innovation-oriented city, as an example, designing an innovation evaluation index system and a calculation method for the construction of the national innovation-oriented city. The evaluation index system can provide theoretical basis for creating innovation conditions, activating innovation vitality, promoting innovation performance and optimizing innovation environment for the national innovation-oriented city construction.
Background
In 1911, a book Theory of Economic Development published by Schumpeter, J.A. in 1912 firstly presented the concept of "innovation" (Dalton, 2001) . Since this century, the study results regarding innovation theory and demonstration have been emerging, and study on innovation evaluation indexes has also been increasing. At present, the innovation system can be divided into three catergories, namely national innovation system, regional & urban innovation system and enterprise innovation system (Zhou, 2012) . A general survey of the progress of innovation study at home and abroad indicates that most studies on innovation focus on the national level, and a relatively complete theoretical system has been formed (Ding, 2008) . However, study on the regional innovation evaluation is relatively lagging, and a complete theoretical system has not been formed yet, and particularly, there isn't a systematic evaluation indicator system and evaluating methods for the city-level innovation system. For that reason, this article proceeds with the urban innovation theory on the basis of the existing study (Zhao, 2008) , constructing an innovation capability index system that matches urban industry structure characteristics. This article selects the representative national innovation-oriented city of northeast China as an example, so as to provide a support for the objective evaluation of the innovation performance of the national innovation-oriented city.
Theoretical Basis

Innovation Index Theory
A study of scholar Freeman (2002) indicates that innovation in economics means the first commercial conversion of technologies in the forms of new products, new techniques, new systems or new equipment, etc. Later, Nulsen and Rosenberger extend the meaning of innovation, thinking that both generation, diffusion, utilization and commercialized application of technology fall into the innovation concept (Young, 2003) . Hence, innovation includes a series of processes, such as the generation, application and diffusion of technologies (Michael, 200) . According to the meaning of innovation, innovation has to experience the following three processes in order to drive the development of economic society (Yu, 2011) : I. The premise and foundation of innovative activities, namely innovation resources (including human, financial and material resources) are put into the innovative activities; II. The starting point of innovative activities, namely research and development activities are carried out; and III. The application of research and development results and the diffused implantation of research and development results into economic and social development, which are the core link of innovative activities. For the innovation-oriented cities, the innovation system for the innovation-oriented cities is a regional innovation system, including all innovation subjects such as enterprises, research institutes, institution of higher learning and governmental agencies and maintains and promotes the innovation environment constructed by innovation for innovation-oriented cities, including policy environment, macroeconomic environment, sociocultural environment, market environment, etc.
According to the analysis above, we have constructed the theoretical model with the innovation evaluation indexes, as shown in Fig 1. The theoretical model combines the innovation process model and the regional innovation system and discloses a simple process of driving economic and social development in the innovative form, and thereby providing a theoretical support for analyzing the innovation evaluation indexes. 
Basic Elements of Innovation Evaluation Indexes
Based on Fig 1, we can analyze the three basic elements of the innovation evaluation indexes, namely innovation system, innovation input and innovation performance (Radosevic, 2002) . The innovation system is the premise of the construction of innovation-oriented cities and also the foundation of innovation activities, mainly including innovation subjects (enterprises, institutions of higher learning, research institutes and intermediaries) and innovation environment (policy environment, macroeconomic environment, sociocultural environment and market environment). Innovation input is the safeguard of the construction of innovation-oriented cities and also the starting point of the innovation activities, mainly including innovation expenditures (research input and educational input) and innovative talents (existing talents and potential talents). Innovation performance is a target which the construction of innovation-oriented cities pursues, and is the embodiment of the effect of innovation activities. It mainly includes innovation achievements (technical development and technical transformation) and innovation benefits (economic benefit and social benefits), which are shown in 
Comparative Analysis of the Existing Innovation Evaluation Index Systems
At present, many international institutions and organizations have constructed the innovation evaluation indexes from different aspects into the indicator systems with different features. Due to differences between the evaluation subject and the evaluation objective and divergence in the understanding of the innovation evaluation indexes, there is a larger difference in the viewing angle and expression approach of the construction of the innovation evaluation indexes. Comparison and analysis (Tab 1) in this article are carried out from the aspects of evaluation objects, evaluation purposes, index constitution, index weighting, index characteristics, etc. 
Design of Urban Innovation Evaluation Indexes
Determination of Innovation Indexes
According to the research on current literature, existing studies on the innovation evaluation for the innovation-oriented cities are generally short of overall analysis. The indexes are of great difference in different designs. The studies mainly proceed from the components of several innovation-oriented cities, such as cultural innovation, technical innovation and scientific and technological innovation, and seldom involve political innovation, institutional innovation, functional innovation, etc. Secondly, at present, the existing research is mostly concentrated upon the evaluation indicator system of city's technological innovation capability, but not analyzes from the substitutive characteristics of the innovation-oriented cities. Technological innovation capability is the main side of the construction of the innovation-oriented cities but not all, it can only reflect the essential characteristic of the innovation-oriented cities from one important side but does not have the universality of the characteristics of the innovation-oriented cities.
On the basis of profoundly analyzing Shenyang's planning and demands on the construction of national innovation-oriented city, this article fully draws lessons from and absorbs the achievements regarding research on innovation evaluation indexes at home and abroad to determine the aggregative indicator system for Shenyang's innovation evaluation indexes, which is constituted by 29 indexes in three levels. The indicator system is shown in Tab 2. The quantity of high-tech products The quantity of 100,000-person authorized patents The quantity of authorized invention patents Turnover of technical market
Innovation benefits
Proportion of the output value of high-tech industry to the total output value of industry Proportion of the added value of high-tech industry to GDP The output value of high-tech enterprises
Assessment Method for Innovation Evaluation Indexes
Index Weighting Method. A linear weight allocation model is selected according to the weight allocation method employed in the comprehensive evaluation method, which is shown in the formula (3.1). Where, w i is index weight, i is the sorting sequence order of indexes, n is the number of indexes, α is an adjustment parameter, which is used as a fine adjustment coefficient distributed by weight. According to the important degree among indexes, the appropriate α is valued, 0<α<∞, the smaller α is valued, the larger the balance distributed by weight is acquired, and on the contrary, it is the opposite.
Data Standardization Processing Method. The standardized processing of data mainly includes data iso-tendency and nondimensionalization. As each index contained in the indicator system tends to have different metering units, namely different evaluation indexes have different dimensions and dimension units. In order to eliminate the effect on dimensions and dimension units, indexes expressed in different units shall also be converted, namely nondimensionalized while constructing the comprehensive index to solve the synthesis problem among different metering unit indexes. For example, the standardized processing can be carried out by using the formula (3.2).
Where, Y ijk is the standardized value of three-level indicator; X oijk is the indicator data of base year; and X ijk is the indicator data of to-be-evaluated year
Calculation of Innovation Evaluation Indexes
Step1: Calculation of second-level indicator. Second-level indicator Y ij is formed by weighting and synthesizing the standardized value of the third-level indicator, namely
Where, w ijk is the corresponding weight of the third-level indicator. Where, wj is the corresponding weight of the first-level index.
Conclusion
During the construction of innovation-oriented cities, the correct evaluation on self-innovation capability must be given. Since NDRC agreed that 16 cities, such as Shenyang, developed the pilot project of innovation-oriented cities, Shenyang City constantly explored in the progress of constructing the national innovation-oriented cities, and clearly put forward that innovation driving is used as the power of city growing. Therefore, the research and formulation of the reasonable comprehensive evaluation method and the improvement of implementation thereof have the important application value.
This article firstly analyzes the intension of innovation theory, analyzing the three-dimensional theoretical model formed by the innovation evaluation indexes of the innovation-oriented cities and the principle for selecting indexes; and secondly, this article analyzes the characteristics of the typical innovation evaluation indexes such as European innovative scoreboard and Silicon Valley index contrastively. As the industrial structure and the economic development mode of each city have many differences, this article takes Shenyang, a China national innovation-oriented city, as an example, studying and constructing an innovation evaluation index system and a calculation method thereof. The research theory of this article can provide a support for the measurement of Shenyang or other relevant national innovation-oriented cities and the evaluation of local innovation capability level, facilitating continuously monitoring the innovation condition of cities for a long time and also guiding the development of innovation work of cities.
